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Abs[Iact:  WC lc~mt[  for fitst time [iII obsclv:ttiolls  of ]I]ap,nctic  Iccotlncc[ion  at a dis(a[i[

ncut Ial lit]c at almu[  x= -?301<C. “1’IIc IICUII:I1  IiIlc lIas  aII  caI[hward  ino[ion. A full s e t  o f

sig[l:itulcs  of ttlc nlaf,l]ctic  l]]ct~il]g, ])loccss htIs b e e n  scc I] at [Ilis Ic~ion. “I’l Icsc fc.a[ules

iIICl UdC a ICVCISal  of plasma flows fm]n caItlI\vard (o tailwa]d,  a pit of slow shocks :iIId

tl]c ]nagmtic  field X-ty}m line. ‘1’lIc sj]:tccxndft  first c.ntc]s lhc C.arthward l)lasmaslIcc.t

t[avclsinp,  a slow shmk  fro]n tlIC SOLIIII  lobe, AII ualthward  plasma flow of almut  500km/s”

wi[lI a C]nlxxldcd  positive IJz is dc[cclcd fil Id llIct  I lcvcts:~ls  of [lo(t) [Ilc  IIiap,l]ctic  112 sip,ll  allci

l)lasma flows i n d i c a t e  a crossiIlp,  of tlIc IKwtlal  lillc.. ‘1’hc s]mccxr:ifl  cntcm a J cf,ioI] of

tailward  }dimna  flow with a s~xxx! of about  600km/s”  aIId n j]cp,a[ivc  J]z, it]dicatil]p,  CIItIy

i]]to the downstrc.am plasmashce.t. Sllbscqucnt]y,  the spacm.rafl  rctums ill(c)  tllc soufh (ail

lobe auoss  another  S1OW shock  ap,ain. ‘Jhc cc)~llallary  malyscs  show that tllc? two slo\v

shocks  have cxrnsistc.nt oric~lta[iolls  aIId ])lmna  lnc]ginp,  slmxis  with that ]mciidcxi  by the

l’c.tschck’s mc)(icl.  }IOWCVCI, ciu]inp,  this time a so~]thwa](i  lh4i; aIld nca~-c.a]-til  ~co]]~agyctic

KtiVity  [ii(i lIOt bC SCCJI.  ‘] ’]1(1S it SLl~,~CStS  t}lat t]]iS l“CCOI)llC.CtiOIl  ]) I(KTSS OCCUIC(i  locxrl]y.

‘1’hc magnclic mcr~il]~  J)lobably  is Callsc.ci  by tllc. ]nap,l]ctic  stresses built-uj)  iI] the. distant

tail.

?



IN’I’I<C)I)(I(TJ’ION

Since  IIungcy [1961] sugg,cstcd tllcolctica]ly  Ihal tlic  il]tc)dctioll of ttlc sol:lr wil]d with the

lll:ig,l)ctc)sl)llcrc  may occu~ tllloup,l)  a lna~,llctic  rc.coli[lcctiol]  ploccss,  sul~scquc.iit

observation quickly confirmed his spcculatio]]s.  (k[ltral  to this model is aIl X-[yIIc. Ilcutral

line in the II):ig,llctoi)allsc  and in the :,coIn:ifplctic  tail. ‘1’tlrou@l  ]nap,[)ctic  lnc.rg,il)g,  a X-tyjw

tolmlo~,ic  line is formed. 01) tl)c Ix)t]l sides, tl]c nlap,nctic field IiIlcs ale. cut and IncI:,cd.

‘1’hIoLIp,h  this I)roccss, the lnagllctic  cllcrp,ics alc convcrtcd into the ~)las]na  tllc]mal and

kinclic  omgics.  ‘1’IIus, wc cxpmt to sm Olc jet-like. lllasll~a  flows froI1l the lncl~,illp,  lep,iml.

1 lmvevc.r,  full sisuaturcs  of the X-lillc tolmlogy ancl jctti]lg IIave ilcvc.1  bc.cl] clca]ly

obscrvd.  “1’bus, some doubts  to the. IC.alitics  of tl)c rcmnlw. c.t iol] model  h:ivc al iscl),  cwc.11

thOUf?>h people have arguccl that the. rmonnwtioI] ]) IOCCSS is SO tlansicl)t i~i ti]nc. aIld SCI

limikd  in s~mtial  sc.alc., tht tlm ~)loc.css  ll-Iay uisily cscapc  mII ]nmsurcmcnts.

]Mysi(ic rcccmmxticm between the lM1; al)cl the lll:i~llctc)sl)llclc  will add tl]c fic.ld litms to the

tail. (;ol]sccl\lellti:il nightsidc reconnection ili tllc tail will return the.sc field lil]cs to the

forward Illfigllctosl)llcrc,  SOlJ-IC sim}~lificd  theories of this ploccss  have plcdic.tcd  the

folmation of foul S1OW mode slloc.ks wllic]l  bouIId a field ]c.vc~sal layci  an(i arc COIIIICCICXI

together at the llcutral line ill the gco~nap,nc.tic  tail [1’ctsc.hck,  1964;  Vasyliunas,  19-/5;

Sontlcwp, 1979], “1’lw cxistcncc of tllc.sc.  slow slloc.ks in tllc  I)cal-cartll tail tii]d tllc distfint

tdil (x < -2001Q”  have bccll collfit  mcd by lS1;}; ot)scl vations  [l;cldlnaD ct al., 1984 slid

1987;  Smith c.t al., 1984],  ‘J’IIc passascs  of tllc j]lastnoids  associa ted  wit]} IJcal-c.arth

subslmm activity have been obscrvcxl  froln tllc  ncxir rxt~th  tail (atmut -?()]{C) to the fidt tail

bc.twcm -80 and -140 I{C [Ilaku  c.t al., 1 MM]. l)uring the passage of a plasllloid,  wc scc

c l e a r l y  a ]nagnctic ficlcl  dilcctio  Ilal t]ansi[ion floln sout]l to Ilortli (c.~,., l~z ]cvcrsal),

associated with stronpj tailwanl plasIIld flows [1 lor Icx ct al., 1 984]. l’lcviously Scho]cr  ct

al. [1986] have shown  an cx;iIII])lc  of l-c.c(~llllcctiO1~-lik(T  phcIK)mcIIa  at 140RC.  1 Iowcvcr,  in
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thcit  event the ncgyt(ivc  IIz arc cxtlclnc]y  transictl( (less tllai]  ? rein), aI1(l no slow slmck was

idcntifid.  I’hc cortclatior)  bctwcc[) the ~msitivc ]/z nlld the Callt]wald electron ~)l:istna flo\v

is lmt dwious.

‘1’hroug,ll  a careful cxaminaticm  of 1S1 ‘I [-3 data durinp, the distni]t  tail passes, wc have found

a[~ cvc. nt that clc.:irly shows rl~ap,tlctic  mcrp,irl~?,  takinpj  l}l:Icc ill tllc distant tail. As wc will

illust~atc,  both carlhward and tai]ward plastna  flows on botl] sides of a Ilcutral Iinc of the

lna~.nctic  field rcvcrsa] alc foulld.  WC also scc a ~mi] of S 1 O W  s h o c k s  boul]dinp,  tllc

I)lasnlas])cct,  WC, bc]icwc  this is the Ili(>St WC]] docunlclltccl MS(! at map,nclic lncl~illg  i[l tllc

gcxmdfym.tic  tail to date..

lNS’1”l<LJh411N’1  ’A”l’10N

“J’hc ciata  for this  stu(iy  was :,c.ncrtitcci  (iurinp,  lSliI1-3 scco]](i (iistant tail pass. 1S1{11-3

tlavcrsmi  the (iistant p,eoma~,lwtic  tail at amu)]d x(CiSM)  = -2?OI{C bc.t\\Fcc.n  .Iu]]c ?3 at]d

July 22, 19S3. “l”hc map,nctic  ficl[i Illcaslll-cl]lcl]ts wc~c obtaillcd  by the Jet f’repulsion

1 ,aboratol  y magl]ctomcic] [I;la]l(iscll  ct al., 1 978],  11] IIis,h lc.solutio[]  (iatfi  rate,  this

instmmcnt mc.asuwci  6 vcctms pcr sccol][i. IFot this study wc make usc of 30-SCC nvcrap,cs

of the ficlci.

‘1’hc plasma dmt vations  pr cscntmi }Icrc wuc obtaincxi by the 1 os Alamos  clczt~on  analyxc.r

[lhmc  d al., 19831. ‘1’\Jc)-[iilllcl)siolial  clecholi  data alc it)lc~,tatcd  over ? 67.5” polar- ang)lc

intclva]s  ccntcrcxi  on the spacccvaft  sl]ill  lJlat]c., which is I]cally Coinci(icnt  with tllc cdiptic.

Althoup,h a complete slxztrum WHS measured in 3s, the lmxt  mc.asul clncnts  were, most oftcl]

scpatatd  in time by - &ls. At times, this scpalatiml  was mduccd  to 1?s. ‘1’he clcc.tloll  data

WC USfXi iIl  thiS StUCiy iIIC]UCiC  C] C! C.t Ion Ci(HISity  ~,., t(UlllKH;ltUl(!  ~’ ~, aII(i  tw~()-CiiIl-lcI1siC)ll:il
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OIHIIRVA’1’10NS”

1 ‘vc.11 t}mug,h  the tailward  plasma  flow p,cnc.1  ally  dominate.s tlw.  entire distant JjlasIIIaslIcct,

We have fou])d four cases of the carltlwald plas~na  flows associa~cd  wit}]  slow shocks.

‘J’wo cases display the ncutra] line Cross it)p,s [110 ct al,,  1994].  l;if,urc  1 ~ivfx  aII cxamp]c

o f  t h e  SJ”X3CXX.I?Ift  JmssiJl~  thr’oll~,ll a lIc.utIa]  lillC ill tht! distaJlt tail.  ])llring .July & ]98S,

]S]i]i-~ WaS iJ) thC SCCOJld diSt:iJ)t  tai] C~CllJSiOJ1.  “1’hC SJ3MYTraft  had a GS}l ]0(’atiOJ)  X=-

?35.5,  Y==10.8,  y,: -8.S1{C fiJ]ci a GSM locwtion X: -235.5, Y= ’/.6, 7,= -11,41<,. ‘J’hc

sptic.cwaft  had a rc.lative.  motion fronl the south  tail lobe into t})c plasJllashcct  and tllcJl

rc.t urnc.d back to the. south lobe. WC will usc a GSJ;,  COOI di[lfitc.  syst~.[li  to dc.scritw  this

]“I1OCC.SS,  iJldlKiiJ)~  th(! C.OJliJ)OI)CJltS”  Of tilC J)laSJ)):t  VdOCit~  fiJld t]lC ll”l~f>JICtiC  fi(!](i iJl t]liS

Stll(ly.

lJ) ]“i#,lllC j flOIll  tOJ) tO bottOJll  iJ) OIdCI  aJC t]l(!  C](TtrOJl  dUISity NC,  CIWtl”OJl  tCVNpC1ahlrC  ~:,

plasJna  bulk  vc]ocity Vx, Vy, and total J)lasll]a velocity V with 1 ? scc rcsolutioJ1.  Next arc

the tllrcc magnetic field componcllts,  I;X, BY, 117 a]id the tot:l]  lnagllc.tic field shmp,th }~. 30

SC.C aVCTa~,CS  O f  t]IC fiC](] data WCIC U) JIStl lldd fol t}l(! S]lC)Ck Stlldy  ( t o  lC.dllCY! hi@

flcqucllcy  fluctuations).

IIctwcc.n 11 :()() lJ’1’ aJl(i 12:?()  U’1’, 1S};11-3  was coml)lctcly  i]lsidc tllc south tfiil lobe.. Wc

scc a lmvcr N< of about ().?cl]~-~,  IOWCI y: of about  ().8x1  ()~K, aIId also  a ]owcr tailwar(l

])lasnja  v e l o c i t y  (\~X, - -?()()kIII/s,  VY - ()). ‘1’l)c J1la~,llctic  field is stloll~ - 12n”l’  and Inainly

w i t h  a }]J. COlll[X)JKXlt (- -] 1.511’1’),  illdic:itivc.  of the lotw fic.lfis.  At I ?:20 t~~c. slH+cccJ-aft

Imltial]y  crjtcIwi  t h e  j)las~nashcct  (oI pl:wn:isllc,ct  lIoLIIldaIy  laycJ).  “1’llus  wc scc an il)crcasc
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on onc side of the X-line ad c.xilcd 0]] the. olhcr  side. 1[1 older 10 Col)firl)l  above analysm,

wc have uscxl copl:inat ity tlkcolctn  a[d I<a[lki[lc-1  lu~,onio( Icla(iolls [0 cxami!w  the. two slow

shocks,

Wc usc the coplanarity lclatioli  [o calculalc tl]c shock  no]]nal for tl)c two ])laslnashcc[

boulldaty c r o s s i n g s .  A l l  nlwsuld  l“)a~amctcls  al~ ]istcd ill “1’ab]c ]. ‘]’hcy inc]udc, [lIC

IIpstrcwm Jnagi)ctic  f ield 11,,, dowIIslI’caJn  field  ]J,I,  aJld ~,., ];,, vX, V’y and v f o r  b o t h

ll])strcam ald downs tre.tim. Aftcrthc  “c.lltly “ sl)ock thcmarc  a ])c)sili\’c.  /JZccJlll])(Jl)  cllt  aJ]d a

pc)sitivc IZX dowllstrcallj  ]J]asJlla  flo\l’. IJriol to the “exit” shock the.rc arc a r~cg,ativc  }{=

cmlpolwJlt  aJd a l)cSativc cio\\~l)stl-e:tJll  flow. 11] ourrcfcrcJlcc syste]ll,\\’clIlcaJ]  llulmtrc.aJntt

to Im tllc tail ]otm, whi]c. “clcJ\\’llstlcaJ1l”  is tllc plasmashce.t,  110 Jndttcr whic]l  OJIC  is crossc.cl

filst.

When wc mtatc the. both upstream aJ]d dowmtrcam map,] ]etic ficlcls  iJlto a shock normal

moldinate systun, fC)lt]]C CJltly(fiISt) S]lC)Ck,  \\;CC)t)taiIl aSll[)Ck llC)llllal VCClClJ i/1( -(].l?8,

().562., -().81 -/). ’l~cllZ  isalltitlJalfil  lclcl tothczdilcctio]l  illa CiSllcc)ol(  lill:ttcs  ystclll.’l’lllls

wc ll:tvc d Jlcgativc]l  nortnal  a)IIl[mIIcIIt  (/J,, :- -().93 ().3 1]’1’)  foJ a lmsitivc.l)Z co]ll])ollcnt.

‘Jl]c maxillluJn  crmrs iJl the  obscIvatioJls coJnc fro~li  tllc stand:il-cl  dcviatioJ-l  of b o t h

u])strc.am al](l dowj~sticat!i  field VHIUCS il] l~ig, ulc 2.. 11’01 tlic exit (SCCOI1(l)  shock,  wc c)t)t:iin

a]mthcr shock l)ormal of i12(-().2?5,  (). 193. ().955). Its lIZ has a ])ositivc, ])l{)jcctioll  ill tllc 2

axis, ]Iowcvcl,  tmcausc /)z is allli-]mlallcl  to tllc  z dilcclioJl,  wc still ol>taill  a llcg,ativc  1~,1 (-

1 .l*().4n’lj  as slmwl] ill l;ip,ulc  3.

III orcim to dcscfibc  tllcsc two sllmk as c]ca]ly as possit)lc,  \\c t]ccd to dcfil~c  SOIIIC.  al]glcs

usitlg the Jnagnc.tic  field p,c.mnctly Jc.lation. WIICIJ  wc usc  l’ctschck’s  sill]  plific. d slow shock
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model as sho\vo in l;if,ulc 4, wc l]ccd 10 plojcct lllc illa~,llclic  field aI]d tl)c shock  tlolma]

into tlm x-z ~)lanc.. ‘1’hc filst atlf,le.  is (),17 wl]icll is the at)p,lc  bcl\vc.  cn tl~c  II OIII-Ial  ti ;IIICI  t}lc  z

axis .  (),,7 = cm-l 1/2. “1’l)c sccol)d anpjlc  is & wllidl is tlIc a[Ig,cl bctwccll  the slIock  IIOIII]:il  in

tllc X-2  ~)lanc  and  t h e  2  axis. ‘1’hus ~ = tan-l  tlA/IIz.  I f  nY i s  cqua] 10 ( ) ,  t h e n  0,,7 E ~. ‘1’IIc

third ang]c  is q which is h aIIp,lc bctwccII tlm shod IIC)rIIIal )1 ill lhc  x-2 ])lanc and the field

2 ])lallc. aIId the x axis. ‘1’l]c :iIIfI,lc ~ is tllc acute all~,lc  of (?] - &).”1’llcsc ari~,lc.s  alc also listed

ill ‘1’able 1 rcspcdivcly,

“1’hrou~,h  a detailed analysis of llIC shock  t]o]]nal o]iclltatioll, wc call  filial  that the two

s]locks IIavc diffc,rcl~t  olic[]ta(ior]s.  II] all x-z [hI lcsia[l  coordir]atc  systcn]  (san)c  tis x-z o f

GS1’), the first (entry) shock has a no]mtil  orientation consistent with the spacccrtif(

ciossil]gs flolil ICf[-tcq) quackmt to rip,llt-bottol)l quadrant. It has tin allglc ~~ of 18,5° as

s]]o\vII ill IJigurc 4. So the s]iock su]facc should  ]Iavc al) oricntatiol]  flol~j  ]cft-l]ot(oln  to

]ip,ht-top q~ladlants.  l]asc.ci on tlw l]ia{~,llc[ic  ficl(i olicntatioll,  WC, cictclll~irw  that this shock is

tlm mm of the left-bottom si(ic in l(ip,u]c 4, bccausc Jnagnctomctcr  obscl vd a ]mitivc  I]z

ficl(i aflcr clltcrillg the ])]asmashcc.t  ftom the south lobe.

‘1’lm sccmd  (exit) shock is collsistult  with tllc  s]mcccraf( ~,oins, frml] ]cfi-top  to rip,llt-tmttom

quacilants  of l;ip,urc 4,. ‘]’hc shod nmmal poil~ts to right-top qua(ilant  with minus rlx an(i

})Ius JIz. ‘1’hus wc. icicntify this shock wi th  tllc Iip,llt-bottolll si(ic of l:ip,ulc 4. ‘1’llc  al)g,lc EZ

bctwccn  tl)c shock su]-ftic.c  anti the x axis is 1 ‘2.’/”. ‘1’IICIC  is a slip,htly  asylnmct]y  for bc)th

tl]c entry  shmk  an(i the exit shock, bccausc ttlc.~c  is little (iiffc~cllce ill tllc < a~l~,lcs.  ‘1’llis
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Wc IIcxt usc l<a]]kir~c-llll~c)l)ic~t  rc.latiolls  to calculate (I]c ])lasIIIa flow velocity alons  tllc.

no]ln:i]  ditcction in tllc  LIpSl ICaIII Icg,iO1l.  All calcLIl:Itcd  sl)mds also  aIC. SIIOWII  ill  ‘ 1 ’ a b l e  1 ,

w h i c h  i]lc]ucic tlIc Alfve.1)  s]md VA, tllc Al fvcl) slwcd ill [lIc IIoIIu:il  d i r e c t i o n  \~All,  tlIc

l)l:m)a  flow vc.lmity  aloII~  lhc no~ln:l] V{, and tlIC SOLIIK1  sjxd [’$. 1 lcrc wc h:{vc  assulnc.d

a 30 CV upstrcali~ ioli tc.]n]wraturc.  [’1’. Mukai,  l)livate  cc)~lllli~ll-lic;i[ic)rl,  1994] txxausc,  of

abscncc of ion data. Wc find the plasIIla  flow velocities alonp, [Ilc nor]na] V,, arc p,rcatcr

t]l{l]l (.’s and ]Css t}lall VA,,. ‘] ’l)us  IIIC two stlocks  satisfy ttlc slo\v ]J)odc shock col)ditio)] ai]d

have the structulcs as lmposcd  by })ctsc}lck  [ 1964].

It) the simp]c  mode.] of the tail map,lw.tic  field rcconnc.ction  proposed by Pctschck [ 1964],

slow Inodc shocks me. importalit  intcl fiIccs \vl)cIc lnap,nctic cncrf,y  frmn the JIla#,nctic  lobe

is COIMI  [cd into plasma  kinetic or thclma]  cIIcI-lI,y in tllc p]asmashcct.  LJsing the mo(ic] it]

l;igurc  4, the lnfi~nctic  mcrgit)p,  ]dtc. m a y  lm t a l c . u l a t d .  ]hscd OII consclvatiol)  of J],l aIId

the tan~cntia]  compoJlcnts  of clcctlic f’icl(i  ill a steady state, togctllcr  with the froz.cll-in

condition, WC have the tar]p,cntia]  plas]na s]wcd II ]il], 1 975]:

VA.(I =- VA,/ C’OSX = v~l,sil~(q-  E) (1)

~]sillp,  on t h e !  Alfvct] Vc.]ocitic.s VA,, ]iS(CXl  ill ‘] ’at)]c ], wc Obt:iiIl  thtit  thC  OUtg,OiI)g,  ])]aSIIia

f l o w  spc.cds  Vx(l dowIIstrcfim of the. sl]mk.  ‘1’hcy arc. + 636krn/s  fol the c.ntly  shock  s i d e

])]asmashcct,  and  -653km/s  foJ t h e  cxi! s]lock  s i d e  plasli~asllcct,  wspcctivc]y.  “J’hc  S] XXXIS

alc basically c.onsistcllt  wit]] tl]c s])cxxls l~X \vc observed ill tl)c dowllstlcal)l.  ]Jut tl)c

Ol)SC.lvcd  VA- ill tllc callhwald side ])lasln:lsl)c.c.t  lI:Is s]ig,lltly  ]owcl- values t]lan tllc calculated

one.

WC alSO may Calculate ttlc Illc.lgilip,  s]~ccds  (lIIC lIlasl]la  inflow  Spcc(l toward  tllc x-y [)lanc

IIcu[lfil sheet ) .  ‘1’hc spcds have  the .  fol]owinp,  e x p r e s s i o n  as a f u n c t i o n  of upstrc.am

]mlatnctc.rs  and of the dcl)sity julnp [Ilil], 1 !)-75]:



v.?lI = vA,,siflx/(1  -i N,, / N(l)s vA{l~os(?)  - ~)/(1 +  N,, / N,l) (2)

(Jsinp, tl]c avc.lap,c jull)~) latim  of dci]sity auoss tl]c shocks, wc have upsttcam mcl~,in~

spcccl  V71, of 253km/s fol the cntty  shock, :ild ?72k[n/s fol tllc  exit sl]ock. O)I)sidclitl~,  tlic

0,12 an~lcs, tl)c twc~ i]lf]ow speeds may bc slip) lltly reclucr.cl,  but still large.r than llIC

U] NtrCaJIl Il[)Illla]  ftOW  S}KTdS  v,,,,.

l) IS(:{JSSION

Wllc.11 WC cxalnilw  tllc sulv+tolln  rclatiollsllil] at [I]c salnc tilnc wllcl] tllc rccol]lmclioll  occuls

ill tlm clistant  tail, wc fitd that (his is a lclativc]y quiet ]wliocl in tllc. ncal--calth.  IIctwcc.n

11 :()() 11’1’ a]id 16:()() l)’]’, tl]c Al! imlcx is bc.low 400” nrl’. Al{ index from tllc backp,round  of

1 ()() n“l’ arises 10 licarly 400 n’]’ alounci  13:() ()11’1’.  “J’his is a smtill  gcomagtlctic acti\~ity,  but

dots l~ot ru]c out small substorms. Wc havr  also C.xalnit)ccl  the. IMIJ o~icntatiol]  (I MI’-8)

durinp,  the saInc tilnc.. ‘1’here. is a }Jositivc  IJz Component  with an avc.rapic  about  1.6 11’J’

twtwccl]  11 :()() lJrl’ and 1 6:()() l]’]’. ]Icfolc 11 :()() 11’1’ ttlc.lc  is a foul hou] intc~va] \\’itll  d

ncp,ativc  lMII’ IiZ - -?.!h’l’.  It seems unlike.ly that thcm is a rcla(ionship  bctwcm  the distant

tail rccot]ncdicm c.vc.nl  ancl a sul)s[olm Illlcc IIours 1)] i or.

lSltl i-3 plasmn datfi tinalyscs  [7jwickl  ct al., ~ 984]  ShO\V  t]]ti[  aI) caI[hwaId  J)l~Slil[!  flow in

tJ1c plasmashcct is oftcm (ictcctccl.  1 lcyond -]?() ]<C lhc j“)]asma  I)tllk vc.]ocity ill lIIC J)]asn”la

sl]cct i s  allllosl c.xclusivcly  tailwald. l]owcvcl-,  statistical stuclics  of map,llctic ficlcl

J)lOJ”)C!l(iCS [’1’SlllLltalli  Ct d,, 1 984] sug,p,cst  that the distant  ncutra]  lillc is most l)lob:it~]y

]Ocatcd at - ?.()()]<C dista~m, l~urtJ)crlm~c,  “1’surutal)i  ct al. [ 1987] show that tJ)c. lar~,c scale

field variations with Nc)rtl~-tllcll-Sc)~ltll  si~,l)atulcs acvoss the l)lasmashcct  occur ciulil]g,  all

p,comap,[)ctic  activity IC.VCIS.  Sclmlcr ct a]. [ 1986]  JIavc  showII  a lccoll[lcctic~l)-like event tit

--1 40RC OCCUIJCCi  (iu IiI~p, quiet ~,coInag,{lc.tic  coIl(iitioIls.  JI1 a rcccllt  statistical stu(iy  [}1o ct
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al., 1 994] we also slmw that there is 1)0 obvious dc]w]ldcncc  of the occurrcncm  of the slow

sl~ocks, plas[nashcct  cmssillp,s  il~ the. distant  tail on tllc IIear-caIth  substorn~  activities. ‘] ’}](Is

wc. sugp,cs( tha[  tlwsc.  phcnmncna  of Iccolllwclion  and slow slmcks  Jvc obsc I vcd  aI c a local

]) foc-css,  and  nlay  [w i[lclc.}Jc.[lclcIlt of sul)storll~  ploccsscs  Occul  I ins C1OSC  to Carlll.

Wc first rcqmlt  a clcdlly  nlagllctic  ;Iiclg,illp,  sip,[]atulc  ocxwrIinp,  at distant  tail --230  I<C. ‘J”tlc

obsuvations  anti calculations aIC mllsistc.nt with l)ctsc.hck’s  sim])lifid S1OW shock Inodc.1.

AI OUIICI  the same time., a southward lfd]; aIId a strong, IlcaJ-caI  [}1 sll~~storln  adivit  y dicl not

bc obscrvcxi.  It lilay imply that a Irlap,[)ctic stlc.ss built-ul)  i]] tl]c distat)t  tail is probably

lcsjmnsiblc  to this rc.conncc.tion  procws.

‘]’lIC SjXICIKXaft ClltCIS  thC }hSI)HdlCCt  flOll)  t}lC Sollth  ]ObC 2CI  0SS a S1OW  Il”IOdC  s h o c k .  ]1) thC

carlhward  pl:ismashcct  a sif,l]ificallt  c.althwald  l)las]na flow and positive Bz alc dctc.ctcd.

“Jllcn, through  a relatively calthwalrl  IIlc)tioll of tllc ncutra] lillc, tl)c spacccvaft  cvosscs the

magnc[ic ]ncrp,il]g  region. ‘llus rcwc; sals ill the p]asin~ flow dilc.ction  and the. mag,nctic

fic]d ])2 comJmncllt  arc Obsc,lvcci.  Aftcl this a tailwald l)]wmtishccl  with strong ttiilward

l)lasl)]a  flow a[)d llcgativc  I)Z is ot)scr\cd.  l~inally,  1S1’,11-3 crosses an exit S1OW s]loc.k and

back to the south lobe again.

A cktl{)}i~lc[lgt)]ctlt.v: ‘J”hc auilloI (CM.] 10) [I)allks  the su~l}x)lt  floIn tllc Natiol]a]  l<cscaIclI

(huncil Assoc.iatcshil)  l’ropyam, ‘1’hc ]c.scald] collductd  at the. Jet }’lo})ulsion  1.aboratory,

(hlifmnia  IIlstitutc of ‘l”cchnology  was pcrfmmcd  umlcr contrad  to the Natima]  Ac.lmautic

at~d Space A(lt]~it~isttatioIl,

11



Rcklcllccs

IJakct,  11. N., S. J.llaIIIc,  J.l{ill],  W.(;  .l’cld II~aII,  J.’I’. Goli Ilg, I;. W.}1OIICS JI.,

R.l). y,wickl, J. A. Slavin,  li. J. Stlli[li,  ll.’I’.rs~llt]  (:itli,  i, at]d l), Ci. Sitmck, l)ilcct

okrvdions  of]mssage.s  of llw (Iistanl ]]cutra]  litm (8(1 -J401<II) fo]lowitlf, substo~ln

O1lSCtS:  lSIOi-3,  ~iCX)JdlyS. l<CS. 1 .( ’[{., ] ~, 1042, ]g8d.

IIamc,  S. J., l{, (;. AndcIsoII, J. R. Asbtidgc, 1). N.l\akct,  W.(~.l Jcldtllan,  J.’l’.(iosliIl2,

l;. W.}loncs,Jr.,  11. J. McKhIIMs, aIId N.1).y,wickl, l’]asma r e g i m e s  in ttm &xp

fyxmaf,tlctic tail: lSIil!-3, Gcqhys.  Rcs. 1 ,ct[., lo, 91?, 1983.

l)uIJg,cy,  J. W., lt~tc.ll~lamdary  ]na~[lctic  ftcld atld aNroIal  m)c, I’lIys. Rev. 1,d(cls,  6, 4’7,

1 96?.

l;cldmaII,  W.{:., S. J. Sc}]wa]t~., S .  J.l]a Ilm, 1). N.lIakc.1,  J.]]im, J.’l’. GoslinS,

1LW.I1OIICS, Jr., 1). J. Mc(kmas, J, A. Slavin,  1{. J. S]tiitll, and R.1).Zwickl, lividcmc.e.

fol slow Inode shocks  ill the. distaid  p,co]nag,hdic  tail, Gco])l]ys.  Rc.s.  1 .e.tt., 11, 599,

]g~~.

l;eld~l]an,  W.{;., R.1..’okaI,I, J.lliIn, 1;, W. I1OJICS,JI., S, J.l]an]c,  and C;.’I’. }<usscl],

StIuctuI-c  of a slow IIIOdC shock ol)scrvcd  ill ttm l)las]na SlICZt boutldaiy layer, J.

Gex)J)hys. Rcs., 92, K-+, 1 98”/.

l:rai]dscm, A. M. A., 11. V.(hIIIIor,  J.Varl A]ncrsfoor[, and l\. J. S]nitl~,  “1’he  ISli} [-c vector

hdiuln ]naglwtome.tu,  nit ili “1’IaIIs. ~icosci.  l;lccti.  (iIi-l 6, 195, 1978.

1 lill, ‘l’. W,, h4agIletic  ]nc.rging ill a cwllisiotllcxs  ]~laslnfi,  J. Gcqhys.  J{e.s.,  80, 4689,

] 975.

]Io, (;.hl., 11.’l’.”slll~ltal~i,i,  1{. J. Smittl, aa(i W. C;.lkldIIIaII,  I’hc p~opcf-tics  of slow IIKXIC

slmcks  in tlIc. distant  tail, sulmnjitd  to J. (ico])lIys.  Rcs., 1994.

I1OIICX, }i.W.,JI., J. R. Asl)lidgc, S. J. IlaIIIc, W.(; .licldnma, J,’1’.Gosling,  1). J. McO)mas,

R.1).7.wickl,  J. S]avili, 11. J. Stnitl], :ittd ll.”l’.’sl]tl]  [at]i, i, StIucIuIc of Illc m+ylcto[ail  a(

220 1<1{ and i(s rcslx~nsc  to gco~lla~l~c[ic  ac[ivily,  Gcq)hys.  l<cs< 1 d[., 11, 5, 1984.



l’ctsctlc.k, II.]{., i~~ h!{lg~lt)ti~j  iclll~itlttilti  l[iti[jtt, AA.V-NA,YA  .vyt)l/)().vil(t)[  oj) tllcl)}iy.virs  of

.vol((r, fl(ttrs, c(ltc(it)y  IV. N.lIC.VS, NASA S1)-50, 1’4?5, 1964.

Scllo]cl,  M . ,  ‘1’.’crasawa,a, l), N.lJakcr, (i.(; loccklc], 1).llovcstadt,  li. J. S1nittl,

ll.’I’.’I’slltllt[  illi,  and l<.l~.yjwick],  lSI{Ii3 obsclvatiolls  dulil]S a I)lastna  s h e e t

ctlcoulltc.rat  140RI~:  Iivi(lc.ilcc  folc. lltl:illcclllc.llt  [Jflccc)llllcctiO1la[ ttmdistal]t IIculrdl

line,.1. [icc)l)tlys.l<cs.,91,  14.51, 1986.

SOIIIIC.IU]I, 1].11.0., h4a~imtic Ic-cmlllcxiol)  ill a IIigllly  collducti]lg  itlcc)]]ll]lcssil)lc  fluid, j.

Plasllxl Phys.,4,  161, 1970.

Smitl], li.J,, J, A. Slavin,  ll.”J’.’s~ltLl  talli,i, W.(~.l@ldInan,  and S. J.llamc, S l o w  mock

shocks in the catlh’s magnc.totfi.il:  lSlili-3,  (icop]lys.  Rcs. 1 Al,, 11, 1054, 1984.

‘1’sumtalli,  }1.’1’., J. A. Slavirl,  }i.J.Smitl], Okida, and l),}i.Jones, Magmtic  strudum of the

distant gcotail  froln -60 to ?20 1<1;: ISIU i-3, Gcx)~)lIys.  Rcs. 1 E(t), 11, 1, 1984.

‘J’surutaili,  11.’1’., M.11.l)ur(oII,  lLJ.S1ilith atld IJ.1 i. JOJMX, Statistical ~mpcr(ies of lnagtmtic

field fluctuatiot]s  in the distant plawtlashcc.t,  I’lat)ct.  Space Sci., 35,2.89, 1987.

Vasyliul]as,  V. M., ‘1’hcorc.lical  lIIodcls of mag,ildic  field ]inc l]iclgill~,  1, Rev.  CiCO])llyS.

,Spacc. l)hys., 13, 303, 19’/5.

Zwickl,  R,l J., lJ.N.Ilaker,  S. J.}lalnc,  W.(~.licldmall,  J.’l’.(ioslillg,  li.W.}IoIm Jr., ald

lJ..l.Mc~o1nas,  livolutiml  of the lkt IIII’s distant ~~iap,llctotai]:  JS1!li-3 clcctlon l)lastna

IC.SLII(S,  J. (iCo})llys.  Rcs., 89, 11 ,()()7, 1984.

(~. M. I1o, It. ‘1’. ‘J’surutalli atld Ii. J. S]nith (Jet I’mpulsion  1,abot-story,  CIaliforllia

II]s[itutc of ‘1’c.cl~llolosy,  l)aSadCIIa,  (:A 91 109; I’d. 818-3547894).

W. C. 1 ‘cld~nai]  (1 m Alainos  Natio~ml 1,abolatol  y, 1 m Alalnos,  NN4 8-/545)

13



“1’able 1. I’I:ISIIM  am{ Ma~m(ic liicld l’ariilnc[crs Ac.mss ‘1’wo Shocks
—.. ..—

July & 1993 1 hltcI Shock l{xil  Slmck
——— ——..  -— ———-.

‘1’ilnc lIIkIwl 12:14:30-13:07:()()” 13:34:00-14:01:30. . . . . . .. —.. .—. ..-—. -..———— -.. —————. — —-—
n,, (Bx, IJY, I]z) .~.~, ].], ]./l J]  ’J’ - 1  ( ) . 6 ,  0 . 3 ,  -  1.? 11’1’

lid  (};l, By, );z) -2.1, -0.3, 0.811’1’ -2.8, -0.9, -1.911’1’

11,, -().9:1 ().3 11’1’ -] .]:1 ().4 J1’1’

-0128,().562, -0.817  -0.225,0.193,0.955H (ll.l!ny!nz)  .__:– . . . . . . . ..-. ..—— — ----
N,u (). ]() CJII-3 ().]] CJ11-3

N,d 0.2.2 Clll” 3 ().~-/ CJII-3. -——— —.-.. ——. —.—
.,
1 Cu

().7XIWK ().6x1 ()~K

7;~ 2..?x106K 1.7x1 ()~K- ..— .—— . ——— —.”... . . . —.. —. —.. —... —.
V,, (Vx, Vy) 149 (-147,  ?2)kln/s 140 (-138, ?.())kJltiS

f 18.50:1 1.6° 12.7°~ 1.5°

1) 71s0:l 100 “fyj 90——————. .  .— —. . . .  .
VA,, 738 kllds 748 kII)/s

VA,,,, 140:1  15k111/s 156:1 2.4kIII/s

q,,, 108  kl]ds ] 05 kJ1l/S- ———-.. — .——- .. ——-.. —. . . —

hlA ,, ().93 ()<9]
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];ig,ulc  1. All c.vent of crossi[lf,s of (I]c. slow slinks, (Ilc .Ic[ plaslna flows and [Im ncu(lal

litlc in the (Iistarl[  tail ill July 8, 1983. I;IOIN fop to bot(oln  are collscqmmt]y  tllc. C.ICCIIOII

density NC, c.lcctron  (clnpcmtu[c 7;,, l)]asft]a bulk vc]ocity  x cofilpoImIIt  Vl, its y cwmpomn[

Vy, and lolal plasma velocity V, Illlcc.  ltlaglm[ic  field Cwl]lpolmrl(s,  }]X, /;Y, I{z slid [hc total

lna~nctic fic.ld strc.ngtl] B. ‘1’bc vcl[ical  litm rou~ll]y  gives tbc tilne of the lmutlal  line

crossillp,.

liigurc. 2.. “1’k data selection of the ullstlcam  and downstrcaln  of {tm cntry slmck bctwccn

12:4”/  lJ’1’ and 13:07 lJrl’.  lJsitlg  tltc coplanarity lc.lation, wc have calcwlatcd tlm shock

norltml wbicll is slmwll in ttm riglit side of the JIlot.

1 ti~,urc 3. Applying of coplarlwy tlmorcm to the exit slow shc)ck cwcurl-ing at 13:34 tJ’1’ ami

14:01 lJ’1’. “1’he rotation  mc.trix and the. m ors are. SI)OWI] in the rig,tlt side..

1 ;i~um 4. A simplified ])ctschc.k’s  slow ]node shock mode] which is perfect] y adapted  tllc

observations. ‘1’hc spacecraft cn(evs the. central ])laslnashcc,t  from the bottom south ]obc.

‘1’lm]  it cxosscs  tllc Iwutr;il  litm ald lctutlls  (0 ttm south lobe.
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